Abstract -Novel redox-switchable host molecules (2) composed of a 9,10-bis(1,3-dithiol-2-ylidene)-9,10-dihydroanthracene unit and a crown ether moiety bridging the 1,8-positions have been synthesized. Cyclic voltammetry and X-Ray analyses revealed that the molecules undergo a significant structural change upon oxidation.
INTRODUCTION
Recently, redox-switchable host molecules whose binding abilities can be controlled electrochemically have attracted much attention for applications, such as redox-controlled binding and releasing of guest molecules and electrochemical sensors. 1 Most of these systems contain a redox-active unit which shows no significant structural change upon electron transfer, and the binding abilities are regulated mainly by a change in the charge of this unit which affects the electrostatic interaction between the host and guest.
On the other hand, there have been only a few examples of redox-switchable hosts in which both the structures and charges of the redox-active units are changed upon electron transfer. 3d-i
We have now introduced a crown ether bridge into the 1,8-positions of 9,10-bis(1,3-dithiol-2-ylidene)-9,10-dihydroanthracene skeleton to
give 2. The affinity of the corresponding dications (2 2+ ) for metal cations should be lower than that of the neutral molecules (2) owing to both the steric hindrance of the twisted dithiolium group and electrostatic repulsion by positive charges.
Scheme 1 RESULTS AND DISCUSSION
Synthesis. Initially, we attempted a Wittig-Horner reaction of a phosphonate ester (4a) 3a with
crown-annelated anthraquinone (3). 4 Despite the use of 2.5 equiv. of 4a, only a monocondensation product (5) could be obtained, suggesting the presence of a severe steric hindrance of the crown ether moiety (Scheme 2).
Scheme 2
In order to avoid such a problem, we decided to construct the crown ether ring at the final step. A diol (7) was synthesized in 40% yield from 1,8-dihydroxyanthraquinone (6) in two steps, 5 and the hydroxyl groups of 7 were protected as THP ether groups to give 8. Wittig-Horner reactions of 8 afforded biscondensation products (10a,b) in 54 and 24% yields, respectively, along with 9a,b. Low yields of 10 and formation of the monocondensation products (9) indicate that the carbonyl group at the 9-position in 8 is still hindered by the 1,8-substituents. The protecting groups in 10 were removed under an acidic condition to give dilols (11a,b). Treatment of 11 with sodium hydride followed by slow addition of diethylene glycol ditosylate 6 gave the desired host compounds (2a,b) in 70 and 66% yields, respectively.
For comparisons, a 1,8-dimethoxy derivative (12) was also prepared from 1,8-dimethoxyanthraquinone 7 and 4a in 64% yield.
Scheme 3
Redox properties. The electrochemical properties of the new compounds (2a,b) and (12) were studied by cyclic voltammetry (CV) in benzonitrile. The redox potentials are summarized in Table 1 along with those for 1a,b measured under the same conditions. They showed the CV waves typical for 9,10-bis(1,3-dithiol-2-ylidene)-9,10-dihydroanthracene derivatives as shown in Figure 1 . Namely, re-reduction peaks at E pc1 corresponding to the first two-electron oxidation ones (E pa1 ) were observed at lower potentials owing to structural changes upon electron transfer. This indicates that the substituents at the 1,8-positions do not prevent the conformational changes accompanied by two-electron oxidation.
The cyclic voltammograms were almost unchanged during the repetition of scans within the scan range of -0.5-+1.20 V, suggesting the reversibily of the structural changes. Second oxidation waves at E pa2 can be assigned to the oxidation of the anthracene units of the dications affording the trication radicals. The 1,8-dialkoxy groups in 2 and 12 have only a small effect on the E pa1 values, but lower the E pa2 values by 0.20-0.37 V compared with the corresponding parent compounds (1). This can be explained by considering that the HOMO of the neutral molecule is mainly localized on the p-quinobis (1,3-dithiole) moiety, while that of the dication lies on the anthracene unit with large atomic orbital coefficients at the 1,8-positions. Chemical oxidation of 2b with two equiv. of tris(4-bromophenyl)aminium hexachloroantimonate afforded the corresponding dication (2b 2+ ) as a stable SbCl 6 salt in 98% yield.
X-Ray molecular structures. The X-Ray analysis of the dimethoxy derivative (12) revealed that the molecule adopts a butterfly-shape similar to the previously reported 9,10-bis(1,3-dithiol-2-ylidene)-9,10-dihydroanthracene systems as shown in Figure 2 (a). The most characteristic feature is that the dithiole ring at the 9-position is tilted more largely than the others owing to the steric repulsion between the sulfur and oxygen atoms: the angles of the C (9) (2) 3.077(6); S(2)···O(3) 3.183(6); S(2)···O(4) 3.165(6); S(2)···O(5) 2.851(5); C(15)···O(1) 2.601(7); C(15)···O(5) 2.711(7). The molecular structure of the crown compound (2a) is shown in Figure 2(b) . The geometry of the 9,10-bis(1,3-dithiol-2-ylidene)-9,10-dihydroanthracene moiety of 2a is essentially the same as that of 12.
One of the methylene units of the crown ether moiety is directed inward and hence the cavity is slightly collapsed. Since the 1,3-dithiole ring at the 9-position is away from the crown ring, it is expected that it does not prevent the binding of metal cations.
On the other hand, in the dication sate (2b 2+ ) the central anthracene unit is flattened, and the 1,3-dithiolium rings are nearly orthogonal to it as shown in Figure 2 shows that the cavity of the crown ether ring is almost occupied by the S(2) atom. Therefore, the binding ability of the dications (2 2+ ) is considered to be quite low compared to the neutral molecules (2) . The cation binding properties of 2 were also investigated by cyclic voltammetry. When excess amounts of alkali metal salts (ca. 10 equiv.) were added to a solution of 2, the first oxidation potentials (E pa1 )
shifted anodically (Table 2) . Such anodic shifts were not seen for 1 and 12, supporting that the potential shift observed for 2 are induced by the binding of metal ions with the crown ether moiety. In contrast to the E pa1 , the E pa2 values of 2 remained unchanged in the presence of metal cations, suggesting that the metal ion is released from the dications (2 2+ ) owing to their low binding abilities as shown by the 1 H-NMR titration experiments.
3h,11
Although the neutral hosts (2) bind all the metal cations examined here with sufficiently high association constants, only the sodium ion shows a large anodic shift of E pa1 .
This finding indicates that 2 can be used for electrochemical sensing of Na + . This selectivity may be attributed to the difference in the structures of the complexes depending on the metal cations. 
THP-protected compound (8).
To the stirred solution of the compound (7) The methylthio derivative (11b) was synthesized by the similar method. Electrochemical measurements. Cyclic voltammetry was performed in a three-compartment cell with a Pt disc working electrode, Pt wire counter electrode, and saturated calomel reference electrode (SCE).
Measurements were made with a Toho Technical Research Polarization Unit PS-07 potentiostat/galvanostat with a scan rate of 100 mV s -1 . The cell contained a solution of a substrate (ca.
1 mM) and tetrabutylammonium perchlorate (0.1 M) as supporting electrolyte in benzonitrile. All solutions were purged with nitrogen and retained under the inert atmosphere during the experiment. The half wave potential of the ferrocene/ferrocenium couple was observed at +0.45 V under the same conditions.
X-Ray structural analyses. Reflection data were collected on a Rigaku Mercury CCD area detector for 2a and 2b 2+ (SbCl 6 -) 2 (MeCN) and a Rigaku RAXIS-IV imaging plate area detector for 12, using Mo-Kα radiation (λ = 0.71070 Å) at 296 K. All the structures were solved by the direct method using the SHELXS-86 program.
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The non-hydrogen atoms were refined anisotropically by full-matrix least-squares method on F 2 using the SHELXL-93 program. 
